(19) 



Europalsches Pat ntamt 
European Patent Offlc 
Office uropeen des brevets 




(12) 



(43) Date of publication: 

01.05.1996 Bulletin 1996/18 

(21) Application number: 95402387.5 

(22) Date of filing: 25.10.1995 



(1D EP 0 709 347 A1 

EUROPEAN PATENT APPLICATION 

(51) Intel* C03C 10/02, C03C 14/00 



(84) Designated Contracting States: 
DE FR 


• MacDowell, John Fraser 
Penn Yan, NY 14527 (US) 


(30) Priority: 27.10.1994 US 329403 


(74) Representative: Colas, Jean-Pierre et al 


Cabinet de Boisse, 


(71) Applicant: CORNING INCORPORATED 
Corning, N.Y. 14831 (US) 


L.A. de Boisse - J.P. Colas, 

37, avenue Franklin D. Roosevelt 


F-75008 Paris (FR) 


(72) Inventors: 




• Andrus, Ronald Louis 




Elmlra, NY 14905 (US) 





(54) Lithium aluminoborate glass-ceramics 

(57) This invention is directed to the production of thermally crystallizable glasses which, upon heat treatment in 
contact with alumina particulates, will form a strong glass-ceramic-bonded composite body, the excellent bonding being 
attributed to the presence of lithium aluminoborate crystals. The glass«eramic composition consists essentially, in 
weight percent, of 

Si0 2 25-55 MgO 0-12 

35-65 Li.O+MgO 4-16 . 
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Description 

This invention is related to the production of glass-ceramic materials having compositions especial* well suited 
''^Patent No 5 112,777 describes a field of divalent metal borate and borosilicate glass envortbn. s that yfeld 

an exceptionally strong glass^eramic bond with the ' P art ^™f ^ 3S ^ jsed of ^ 10 -30% by weight 
bonded ceramic composite comprising Al 2 0 3 particulates ^X^SSS^ aiuminoboratecrys- 

weight percent on the oxide basis, of about 



10 



is 



20 





Si0 2 


25-55 


MgO 


0-12 


30 


B2O3 


35-65 


Li 2 0+MgO 


4-16 




Li 2 0 


2-15 







The expression "consist essentially of is intended to allow the inclusion of minor portions of inorganic .oxide com- 

separation. ofat | ea st 35% is required to assure good flow of the glass. That is, ^ levels less than 

A concentration of B20 3 ot at least ■& /« is requiieu iu a « lDC efinw On the other hand, concentrations 

crystals may occur. (ormatjon q{ ^ |jthjum alumin oborate crystal 

the batch materials frequently contain the component as an impurity. 
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te> a batch •» a lh«im«y o^WBaWe *»a a <OT|»e Hon «M< the '""** 
develop a strong bond with the alumina powders. 

MS 

period of about eight hours has been deemed to be a practical compromise No 5 112 777 and 

essentially, in weight percent, ot 



Li 2 0 


4-30 


Al 2 0 3 


3-25 


SiQ 2 


50-80 


Fluxing Agent 


0-15 



.J?£o£X ESw. 0. uMSn. U. at Cud and/.. CaB, prtah. MM «»•>• ™ >— •*»•• 
consist essentially, in mole percent, of 



Si0 2 


10-70 


Li0 2 +Na 2 0+K 2 0 


0.1-50 


B 2 0 3 


30-90 


CuCI+CuBr 


0.01-10 


Al 2 0 3 


0.01-40 







There is noreference to particulate alumina or to the operability of the glass compositions J'™*^^ 
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20 



25 



30 



can comprise any materials, either the oxides or other compounds, which, when melted together will be converted 
into the desired oxide in the proper proportions. For example. LfeOQ, and MgC0 3 can constitute the sources of L*0 

^totehmaSis were compounded, thoroughly blended together to assist in obtaining a homogeneous melt 
and charged into platinum crucibles. The crucibles were then introduced into a furnace operating at a temperature of 
about 1500 e C and maintained therewithin for about 1-2 hours. 

To reduce the time and energy necessary to comminute the glass to finely<Jivided particles, the melts were often 
poured as a fine stream into a bath of tap water. This procedure, termed "drigaging" in the glass ; art breaks up .the 
stream of molten gfcss into small fragments which can then be milled or otherwise powdered to the des.red particle 
size Another technique commonly used to achieve the same goal includes running a stream of molten glass between 
metal rollers to form a thin ribbon of glass which was thereafter crushed and milled to the desired particle size. 

It must be appreciated that the above description of mixing, melting, and forming procedures reflects laboratory 
activity only The inventive glass compositions are capable of being processed utilizing mixing, melting, and forming 
practices conventionally used in commercial glassmaking. Thus, it is onhr required that the batch constituents be thor- 
oughly blended together, melted at a sufficiently high temperature for an adequate period of time to secure a homo- 
oeneous melt, and subsequently shaped into a glass body. 

The glass was reduced to powders having an average particle diameter of about 1 0pm through ballmilhng using 
AUO, cylinders as the milling media and methanol as the milling aid. After drying, the powders were thoroughly mixed 
with Al 2 0 3 powders passing a No. 80 U. S. Standard Sieve (117pm) in a vibratory mixer. 

TABLE I 
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suo 


26.2 


41.5 


38.8 


37.0 


47.2 


51.5 


Boo 3 


60.7 


48.1 


48.3 


53.7 


41.0 


39.9 


Li 2 0 


13.1 


10.4 


12.9 


9.3 


11.8 


8.6 










7 


8 


9 


10 


11 


12 


Si 2 0 


46.6 


45.5 


51.2 


50.8 


34.4 


52.3 


B 2 0 3 


43.3 


42.3 


39.6 


39.3 


53.2 


40.4 


LigO 


7.0 


6.8 


6.4 


4.2 


8.6 


4.4 


MgO 


3.1 




2.9 


5.7 


3.9 


2.9 


MnO 




5.4 
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14 


15 


16 


17 


18 


SD 2 


48.4 


48.7 


46.2 


44.0 


44.3 


42.3 


B2O3 


37.4 


37.7 


44.7 


42.5 


42.8 


40.1 


Li 2 0 


6.1 


8.1 


3.9 


3.7 


5.5 


6.5 


MgO 


8.1 


5.5 


5.2 


9.8 


7.4 


2.9 


Al 2 0 3 
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Si0 2 


43.7 


44.5 


48.4 


40.8 


43.5 


43.2 


B 2 0 3 


33.8 


43.0 


37.4 


47.3 


42.0 


41,7 


Li 2 0 


5.5 


5.6 


4.0 


5.1 


7.2 


5.4 
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TABLE! (continued) 
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In order to evaluate porous samples for potential use in bonded abrasives, small (3.5 grams) composite pellets 
1S were formed by mixing glass frit [particles passing a No. 325 U.S. Standard Sieve (44 urn)], ceramic particles passing 
a No. 80 U.S. Standard Sieve (1 77|im) , and small amounts of water at concentrations calculated to yield specific grain- 
bond proportions. The mixtures were blended by hand, after which cylindrical pellets were dry pressed at 10,000 psi 
(~703 kg/cm 2 ) and fired according to selected heat treating schedules. For strength measurements, at least three 
pellets were prepared and tested at each conditions and the measurements averaged. 
20 After visual examination, the fired composite pellets were subjected to axial compression strength measurements, 
those values providing a measure of crushing strength. Where compositions and firing schedules yielded particularly 
high compression strengths, discs thereof having a diameter of 1 .5' ("3.8 cm) and weighing 18 grams were prepared 
and fired in a manner similar to the pellets fired above. Those discs were submitted for modulus of rupture (MOR) 
testing utilizing a standard piston-on-three-ball technique. 
2S Table II reports the heat treatment schedules applied to the 3.5 gram composite pellets and the 18 gram discs 
employing an electrically heated furnace. After the final hold temperature, the pellets were cooled at furnace rate; i.e., 
the electric current to the furnace was cut off and the pellets were allowed to cool to room temperature retained within 
the furnace. 

Table II recites the dwell temperature in °C, along with a qualitative appraisal of the bond crystallinity as estimated 
30 via x-ray diffraction analysis of fine powders, a measurement of flexural strength reported as modulus of rupture (MOR), 
and a measurement of compressive strength, both of those measurements being expressed in terms of MPa and Ksi 
(thousand psi). 



TABLE II 



Example 


Heat Treatment 


Bond Crystallinity 


MOR 


Compression 


1 


800 


Very High 


60.72 MPa; 8.8 Ksi 


234.6 MPa; 34 Ksi 


2 


900 


High 


70.38 MPa; 10.2 Ksi 


255.3 MPa; 37 Ksi 


3 


850 


Very High 




255.3 MPa; 37 Ksi 


4 


850 


High 




24B.4 MPa;36 Ksi 


5 


900 


Medium 


71.07 MPa; 10.3 Ksi 


227.7 MPa; 33 Ksi 


6 


850 


Low 


84.87 MPa; 12.3 Ksi 


255.3 MPa; 37 Ksi 


7 


900 


High 


85.56 MPa; 12.4 Ksi 


255.3 MPa; 37 Ksi 


8 


825 


Low 


86.25 MPa; 12.5 Ksi 


282.9 MPa; 41 Ksi 


9 


900 


Medium 


85.56 MPa; 12.4 Ksi 


269.1 MPa; 39 Ksi 


10 


850 


High 


80.04 MPa; 11.6 Ksi 


289.8 MPa; 42 Ksi 


11 


850 


High 




262.2 MPa; 38 Ksi 


12 


B50 


Medium 


79.35 MPa; 11. 5 Ksi 


276.0 MPa; 40 Ksi 


13 


r 900 


Medium 


84.18 MPa; 12.2 Ksi 


269.1 MPa; 39 Ksi 


14 


900 


High 


80.04 MPa; 11.6 Ksi 


269.1 MPa; 39 Ksi 



Continuation of the Table on the next page 



5 



EP 0 709 347 A1 



Example 


1 TV** rt+nr* ^flt 


RnnH r*r\/cta1linitv 
DUiiu yoidiiu my 


MOR 


Compression 


15 


yuu 


IvlovJIUI 1 1 


82.80 MPa; 12.0 Ksi 


269.1 MPa; 39 Ksi 


16 


yuu 




87.63 MPa; 127 Ksi 


269.1 MPa; 39 Ksi 


17 


onn 


IVIOVJIUI 1 1 


91.08 MPa; 13.2 Ksi 


262.2 MPa; 38 Ksi 


18 | 


onn 




74.52 MPa; 10.8 Ksi 


262.2 MPa; 38 Ksi 


19 


900 


Medium 


91.08 MPa; 13.2 Ksi 


310.5 MPa; 45 Ksi 


20 


900 


Medium 


91.77 MPa; 13.3 Ksi 


248.4 MPa; 36 Ksi 


21 


900 


Medium 


93.15 MPa; 13.5 Ksi 


269.1 MPa; 39 Ksi 


22 


900 


Medium 


92.46 MPa; 13.4 Ksi 


282.9 MPa; 41 Ksi 


23 


900 


Medium 


96.60 MPa; 14.0 Ksi 


269.1 MPa; 39 Ksi 


24 


900 


Medium 


103.5 MPa; 15.0 Ksi 


241.5 MPa; 35 Ksi 



The very high mechanical strengths demonstrated by the sintered glass-ceramic-bonded AJPs particles strongly 
tJSSiXLm thermally ?rysta.«izab.e glasses as bonding media tor particulate .n such apples 
as grinding wheels and other abrasive products where AIA particles compr.se the abrasive material 

Whereas the above laboratory work was drawn to forming bulk bodies, it will be appreciated that toe «ven*ve 
materials can be applied as coatings on high temperature refractory ceramics and metals, and as substrates for mi- 

'"ISSdti ^oteraN matrix of physical properties, the glass«eramicbonded jjft Ex " 
ample 17 sintered at 900'C has been deemed to comprise the most preferred embodiment of the .nvention. 



Claims 



1. A thermal 



,||y crystallizable glass consisting essentially, expressed in terms of weight percent on the oxide basis, of 



S50 2 


25-55 


MgO 


0-12 


B 2 0 3 


35-65 


Li 2 0+MgO 


4-16. 


Li 2 0 


2-15 







2. Athermaltycrystallizableglassac^ 

oxide selected from the group consisting of AIA., Ce0 2 , La 2 Q 3 , MnO, PbO, T0 2 . ZnO, and ZrO a . 

k thermally crystallizable glass according to claim 1 having a composition which is essentially free from Nap and 



3. At 
K 2 0. 

A sintered glass-ceramfc-bonded ceramic composite body comprising about 70-90% by weight of alumina ^partic- 
ulates and about 10-30% by weight of glass-ceramic, said glass-ceramic being crystallized .n situ from a gfcss 
consisting essentially, expressed in terms of weight percent on the oxide basis, of 



4. 



Si0 2 


25-55 


MgO 


0-12 


B 2 O a 


35-65 


L^O+MgO 


4-16. 


Li 2 0 


2-15 







5. A composite body according to claim 4 wherein said glass^eramic is bonded to said alumina particulates through 
lithium aluminoborate crystals. 

6. A composite body according to claim 4 wherein safci thermal* crystaHizable glass ateo contains s up tc M» W I 
of at least one inorganic metal oxide selected from the group consisting of Al^, Ce0 2 . La 2 0 3 , MnO, PbO. T.o 2 . 
ZnO. and Zr0 2 . 
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, A ^- *« — . • — ' — « - — » 9BSS " 8 

essentially free from Na 2 0 and K a O. 



to 



15 



20 



25 



Si0 2 


25-55 


MgO 


0-12 


B 2 0 3 


35-65 


Li 2 0+MgO 


4-16; 


Li 2 0 


2-15 







^coo^saidmenandsimunaneous. ,^-^1-.^^--^--^ 
c comminuting said glass body into finely-divided powder 
d mS that powde?wfth finely-divided alumina particulates 

?> Iping said' mixture into a body ol a .M. Jjjjj; ^ fc ^ sakJ gtass partfcles into an 
(,) heating said body to a temperature and I to af'f 

oxide selected Irom the group consisting of AfeOg. CeO z> La 2 0 3 , winu, 
10. A method according to claim 9 wherein said glass is essentially free from NagO and K 2 0. 

, said body is heated to a temperature between about 750'-950'C. 

r is heated to a temperature between about 850--900°C. 



11. A method according to claim 8 wherein ! 

12. A method according to claim 11 wherein said body i 

, said body is heated for a period of time ranging about 2-24 hours. 



30 13. A method according to claim 8 wherein < 
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